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METHODS FOR CREATING PRIMITIVE 
CONSTRUCTED STANDARD CELLS 

CLAIM OF PRIORITY 

This application is a continuation application under 35 
USC 120 of prior US. application Ser. No. 11/169,188, 
?led Jun. 27, 2005 now US. Pat. No. 7343,581, and entitled 
“Methods for Creating Primitive Constructed Standard 
Cells.” 

BACKGROUND 

Today, modern electronic design automation (EDA) tools 
synthesize a netlist from a logic description developed by a 
system architect. The EDA tools, i.e., synthesis tools, use a 
library of cells as an input to decide upon the most optimum 
construction of the logic description based upon the system 
architect’s constraints, such as constraints related to area, 
speed, or poWer. The library of cells is typically called a 
standard cell library. 
The standard cell library includes of a set of logical and 

physical models for each cell in the library. The logical model 
of the cell describes the logical function of the cell to the 
synthesis tool. The physical model of the cell includes per 
formance data, area information, a polygon representation of 
the cell, and information used by place and route tools, i.e., 
tools used to physically construct the design. The standard 
cell library can include a large number of cells for synthesiz 
ing complex logic descriptions. Most current standard cell 
libraries include betWeen 500 and 1000 cells, including drive 
strength variants. Drive strength variants are cells that have 
the same logical function but have different physical charac 
teristics such as area, poWer, and performance. Typically, 
standard cell library development is very resource intensive, 
Wherein the resources include human and computer 
resources. The performance characterization and polygon 
layout of each cell in the standard cell library typically rep 
resent the most resource intensive development operations, 
Wherein the performance characterization is computer 
resource intensive and the polygon layout is human resource 
intensive. 

The effectiveness of the synthesis solution depends upon 
the richness of the standard cell library and hoW Well the 
standard cell library is suited for the intended system design. 
Standard cells are typically constructed such that any logic 
cell can be placed next to any other logic cell. Thus, a general 
requirement is that each standard cell be constructed in accor 
dance With a set of rules, including speci?cations for cell 
height, border or edge characteristics, and device size limita 
tions. 

While synthesis of logic descriptions into netlists can be 
accomplished using current standard cell libraries, a number 
of shortcomings are associated With the current synthesis 
approach. For example, a standard cell library developer may 
be required to satisfy differing speci?cations of many system 
designs. To satisfy the differing system design speci?cations, 
the standard cell library developer is often required to make 
compromises When deciding upon the contents of the stan 
dard cell library. One approach for mitigating the need to 
make such compromises is for the standard cell library devel 
oper to support multiple standard cell libraries, Wherein each 
of the multiple standard cell libraries is targeted to a particular 
system design speci?cation. HoWever, support of multiple 
standard cell libraries is very resource intensive. For example, 
each standard cell library delivery involves performance 
characterization and polygon layout of each cell contained 
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2 
therein. Additionally, modern semiconductor processes usu 
ally go through several releases in Which the physical aspects 
of the as-fabricated cells change from What is originally 
de?ned in the standard cell library. Such changes in the physi 
cal aspects of the as-fabricated cells can affect the cell per 
formance characterization data and/or the cell polygon lay 
out. Thus, When physical aspects of the as-fabricated cells 
change, the standard cell library developer Will generally 
need to redeliver the standard cell library models With incor 
poration of appropriate cell physical aspect changes. 

SUMMARY 

In one embodiment, a method is disclosed for transforming 
a logic design into an integrated circuit to be laid-out on a base 
array. In the method, a netlist is generated for the logic design 
using a standard cell library. An operation is then performed 
to identify a logic function for a standard cell in the netlist. In 
another operation, one or more primitive logic cells are iden 
ti?ed as being needed to duplicate the logic function of the 
standard cell. The method further includes an operation for 
constructing a primitive-based version of the standard cell 
using the one or more primitive logic cells as previously 
identi?ed. The primitive-based version of the standard cell is 
to be laid-out on the base array. 

In another embodiment, another method is disclosed for 
transforming a logic design into an integrated circuit to be 
laid-out on a base array. The method includes generating a 
netlist for the logic design using connectivity de?ned by 
standard cells of a standard cell library and the logic design. 
The method also includes identifying a logic function of each 
of the standard cells used in the netlist. The logic function of 
each of the standard cells used in the netlist is examined to 
identify primitive logic cells that are needed to create a primi 
tive constructed version of each of the standard cells used in 
the netlist. The method further includes creating a primitive 
based cell library that includes the primitive constructed ver 
sion of each of the standard cells used in the netlist. The 
primitive-based cell library is then used to de?ne the logic 
design for integration onto the base array. 

In another embodiment, a method is disclosed for creating 
a primitive constructed version of a standard cell that can be 
used to integrate logic de?ned by a netlist onto a base array. In 
the method, a particular standard cell is identi?ed Within the 
netlist. A logic function of the particular standard cell is then 
determined. The logic function of the particular standard cell 
is then mapped into a set of primitive logic cells to create the 
primitive constructed version of the particular standard cell. 
The set of primitive logic cells is de?ned based on device 
characteristics of the base array. Thus, the primitive con 
structed version of the particular standard cell can be inte 
grated onto the base array. Once created, the primitive con 
structed version of the particular standard cell is included 
Within a primitive-based cell library. 

In another embodiment, a method is disclosed for convert 
ing a standard cell library into a primitive-based cell library. 
The method includes a ?rst operation for identifying a logic 
function for a standard cell in the standard cell library. In a 
second operation, one or more primitive logic cells are iden 
ti?ed as being needed to duplicate the logic function of the 
standard cell. In a third operation, a primitive-based version 
of the standard cell is constructed using the one or more 
primitive logic cells having been identi?ed in the second 
operation. The primitive-based version of the standard cell is 
capable of being integrated onto a base array. 

In another embodiment, a method is disclosed for creating 
a user-de?ned cell. The method includes constructing a user 
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de?ned cell from primitive logic cells, wherein the primitive 
logic cells are de?ned for integration onto a base array. The 
method also includes analyZing an electrical performance of 
the user-de?ned cell. Additionally, a cell-level layout of the 
user-de?ned cell is developed to determine an area to be 
occupied by the user-de?ned cell when integrated onto the 
base array. The method further includes storing a description 
of the constructed user-de?ned cell, the analyZed electrical 
performance of the user-de?ned cell, and the cell-level layout 
of the user-de?ned cell within a primitive-based cell library. 

Other aspects and advantages of the invention will become 
more apparent from the following detailed description, taken 
in conjunction with the accompanying drawings, illustrating 
by way of example the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an illustration showing a design-to-manufacture 
?ow for transforming a logic design into a manufactured 
integrated circuit on a processor chip; 

FIG. 2 is an illustration showing a design-to-manufacture 
?ow for transforming a logic design into a manufactured 
integrated circuit, in accordance with one embodiment of the 
present invention; 

FIGS. 3A and 3B are illustrations showing a ?owchart of 
the standard cell compilation operation of FIG. 2, in accor 
dance with one embodiment of the present invention; 

FIG. 4A shows a logic model for a standard cell de?ning a 
delay ?ip-?op; 

FIG. 4B is an illustration showing an exemplary partial 
listing of primitive logic cells included in the primitive 
library; 

FIG. 4C is an illustration showing a primitive constructed 
version of the delay ?ip-?ip of FIG. 4A resulting from the 
mapping operation; 

FIG. 5 is an illustration showing a ?owchart of a method for 
compiling a standard cell library into a primitive-based stan 
dard cell library outside of the design-to-manufacture ?ow, in 
accordance with one embodiment of the present invention; 

FIG. 6 is an illustration showing a ?owchart of a method for 
creating primitive constructed user-de?ned cells outside of 
the design-to-manufacture ?ow, in accordance with one 
embodiment of the present invention; and 

FIG. 7 is an illustration showing a ?owchart of a method for 
creating a primitive constructed version of a logic cell that is 
not necessarily considered a standard cell, in accordance with 
one embodiment of the present invention. 

DETAILED DESCRIPTION 

In the following description, numerous speci?c details are 
set forth in order to provide a thorough understanding of the 
present invention. It will be apparent, however, to one skilled 
in the art that the present invention may be practiced without 
some or all of these speci?c details. In other instances, well 
known process operations have not been described in detail in 
order not to unnecessarily obscure the present invention. 

FIG. 1 is an illustration showing a design-to-manufacture 
?ow for transforming a logic design into a manufactured 
integrated circuit on a processor chip. The design-to-manu 
facture ?ow begins with an operation 101 in which a system 
architect develops a high-level logic description of the sys 
tem. The high-level logic description of the system is often 
generated by the system architect using a register transfer 
language (RTL). The RTL provides the system architect with 
a language that can be used to describe the data and control 
requirements necessary to support execution of an instruction 
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4 
by logic within the processor chip. The high-level description 
of the system in RTL is su?icient to enable derivation of 
corresponding circuits and interconnections necessary to 
implement the system. 
The system architect often develops the high-level logic 

description of the system using references to standard cells, 
wherein each standard cell represents a circuit component. In 
general, each standard cell description includes a layout/ 
drawing of the cell, a mapping of a transistor schematic of the 
cell into maskable polygons, timing data for the cell, area 
information for the cell, a library exchange format (LEE) ?le 
for the cell, and cell logical models for use by a synthesis 
engine. The standard cells are stored in libraries that can be 
referenced by the system architects and are accessible by the 
synthesis engine. 
Once completed, the high-level logic description is pro 

vided to a synthesis engine 103 which determines how to 
optimally use the referenced standard cells and map them into 
a low-level instantiation of the logic description. Thus, the 
synthesis engine 103 uses a standard cell library 105 as an 
input to the synthesis process. The synthesis process gener 
ates a netlist 107 that describes the connectivity of the stan 
dard cells de?ning the logic description. The netlist 107 
de?nes which standard cells are used and how the standard 
cells are connected. Once the netlist 107 is generated, a logic 
check is performed on the netlist 107 in an operation 109. The 
logic check essentially con?rms that the logic represented by 
the netlist 107 provides the functionality speci?ed by the 
high-level logic description developed in operation 101. 

Following the logic check, an operation 111 is performed 
to place and route the standard cells as identi?ed in the netlist 
107. Based on the physical dimensions and connectivity of 
the standard cells identi?ed in the netlist 107, a place and 
route tool determines how to place the standard cells on the 
silicon such that interconnect distances are minimized while 
enabling the required connectivity between the various stan 
dard cells. Once the standard cells are placed on the silicon, 
all required connections are routed between the various stan 
dard cells. 

After placing and routing the standard cell in operation 
111, an operation 113 is performed to provide a physical 
veri?cation of the circuit. The physical veri?cation generally 
includes a timing veri?cation, a design rule check (DRC), a 
layout versus schematic (LVS) analysis, and an electrical rule 
check (ERC). Once the physical veri?cation is completed 
with satisfactory results, the circuit design is taped out in an 
operation 115. In the tape out operation 115, a description of 
the circuit is prepared for transmission to the manufacturer, 
i.e., foundry, for fabrication. In an operation 117, the manu 
facturer creates masks to be used in fabricating the taped out 
circuit. Then, in an operation 119, the circuit/chip is manu 
factured. 

It should be appreciated by those skilled in the art that 
modern integrated circuit manufacturing, i.e., semiconductor 
manufacturing, involves the building up of layers of materials 
in speci?c patterns on a silicon wafer (“wafer”). During the 
build-up process, materials are deposited, removed, and/or 
implanted at precise locations on the wafer. A process called 
photolithography is commonly used to facilitate deposition, 
removal, and implantation of materials at precise locations on 
the wafer. In the photolithography process, a photoresist 
material is ?rst deposited onto the wafer. The photoresist 
material is then exposed to light ?ltered by a reticle. The 
reticle is generally a glass plate that is covered by a mask 
representing exemplary feature geometries that blocks light 
from passing through the glass plate. 
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After passing through the reticle, the light contacts the 
surface of the photoresist material in the pattern de?ned by 
the mask. The light changes the chemical composition of the 
exposed photoresist material. With a positive photoresist 
material, expo sure to the light renders the exposed photoresist 
material insoluble in a developing solution. Conversely, With 
a negative photoresist material, exposure to the light renders 
the exposed photoresist material soluble in the developing 
solution. After the exposure to the light, the soluble portion of 
the photoresist material is removed, leaving a patterned pho 
toresist layer. The Wafer is then processed to either remove, 
deposit, or implant materials in the Wafer regions not covered 
by the patterned photoresist layer. After the Wafer processing, 
the patterned photoresist layer is stripped from the Wafer. 
Thus, the masks used in the photolithography process de?ne 
patterns of materials to be de?ned on the Wafer in a layered 
manner to create the desired circuit as represented by the 
netlist of standard cells. 

It should be appreciated by those skilled in the art that 
semiconductor manufacturing includes many other processes 
beyond those mentioned above. HoWever, to avoid unneces 
sarily obscuring the present invention, further detail regard 
ing speci?c semiconductor manufacturing processes are not 
described herein. Therefore, it should be understood that the 
present invention is not limited by a particular semiconductor 
manufacturing process or technology. 

Conventionally, during the place and route operation 111, 
the standard cells can be placed on an irregular grid. HoWever, 
the modern photolithography process has trouble With the 
irregular griding of the standard cells. For example, if stan 
dard cell features having a size of 90 nanometers are being 
patterned, but the Wavelength of light is 193 nanometers, it is 
dif?cult to resolve the standard cell features When the stan 
dard cells are placed in an arbitrary pattern on an irregular 
grid. Consequently, the small feature sizes of modern inte 
grated circuits combined With the placement of standard cells 
on irregular grids often yields distortion of standard cell fea 
tures during the photolithography process. To compensate for 
this distortion, the photolithography process typically utilizes 
correction techniques such as reticle enhancement technol 
ogy (RET) and optical proximity correction (OPC). HoWever, 
use of RET and OPC results in a modi?cation of the mask, 
i.e., standard cell features, Without the system architect’s 
input. The design-to-manufacture How of FIG. 1 does not 
provide for ef?cient feedback of the RET and OPC modi? 
cations to the system architect for re-evaluation. Therefore, 
the logic design intended by the system architect and previ 
ously checked based on the synthesized netlist is subject to 
modi?cation at the foundry Without the system architect’s 
oversight. Additionally, if the RET and OPC modi?cations 
could be provided to the system architect through a feedback 
mechanism, updating of the standard cell de?nitions to re?ect 
the RET and OPC modi?cations Would be prohibitively 
expensive in terms of computational and human resource 
consumption. 

It should be appreciated that each standard cell can be 
de?ned in a number of different Ways to provide different 
performance characteristics. For example, one version of a 
standard cell can be optimized for loW leakage, While another 
version of the standard cell can be optimized for high speed. 
Thus, a single standard cell design is generally not appropri 
ate for all design spaces. The multiple versions of the various 
standard cells are compiled into respective multiple standard 
cell libraries that are each associated With a particular perfor 
mance characteristic, e.g., leakage, speed, poWer consump 
tion, Wherein the performance characteristics often share an 
inverse relationship. Each standard cell library can also 
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6 
include multiple variants of each standard cell contained 
therein. For example, variants of a given standard cell may 
correspond to a particular threshold voltage (VT) or a particu 
lar supply voltage (Vdd). It should be further appreciated that 
each of the multiple standard cell libraries can include more 
than 600 different standard cells. Thus, it can be extremely 
resource intensive, if not impossible, to characterize and 
maintain all possible standard cell variants. Additionally, 
characterization and maintenance of the standard cells can be 
even further complicated by modi?cation of standard cell 
features for manufacturability in the backend of the design 
to-manufacture ?oW, Wherein the standard cells as modi?ed 
for manufacturability represent neW standard cell variants 
that should be re-characterized to ensure proper functionality 
of the circuit. 
The present invention provides a neW method for trans 

forming a high-level logic description into an integrated cir 
cuit. The method of the present invention provides for signi? 
cant reduction in the extensive resource consumption that is 
traditionally required for standard cell library characteriza 
tion and maintenance. The method of the present invention 
also eliminates problems associated With foundry modi?ca 
tions of standard cell features to support manufacturability in 
the backend of the design-to-manufacture ?oW. 

In one embodiment, the method of the present invention 
represents a design-to-manufacture How in Which standard 
cells are compiled from a set of primitive logic cells on an 
as-needed basis to ful?ll the requirements of a generated 
netlist representation of the high-level logic description. As 
Will be discussed in greater detail beloW, the method of the 
present invention avoids the excessive resource consumption 
necessary to characterize and maintain all possible standard 
cell variants associated With conventional standard cell librar 
ies. Additionally, compilation of the standard cells from the 
set of primitive logic cells as afforded by the method of the 
present invention is predicated on ultimately de?ning the 
integrated circuit on a base array chip. Because the primitive 
cells are de?ned based on the knoWn device characteristics of 
the base array chip, the performance of the standard cells as 
integrated on the base array can be reliably predicted during 
the physical veri?cation of the integrated circuit. Further 
more, because the base array chip manufacturability is proven 
prior to design, standard cell feature modi?cations for manu 
facturability, e.g., due to RET and OPC driven mask changes 
at the transistor level, are completely avoided. 

FIG. 2 is an illustration shoWing a design-to-manufacture 
?oW for transforming a logic design into a manufactured 
integrated circuit, in accordance With one embodiment of the 
present invention. The How of FIG. 2 begins With an operation 
201 for developing a high-level logic description of the sys 
tem to be implemented as the integrated circuit. The operation 
201 is essentially equivalent to the operation 101 as previ 
ously described With respect to FIG. 1. Thus, the high-level 
logic description of the system is su?icient to enable deriva 
tion of corresponding circuits and interconnections necessary 
to implement the system. Furthermore, the high-level logic 
description of the system is de?ned using references to stan 
dard cells available in a standard cell library 205. 
The high-level logic description is provided to a synthesis 

engine 203 Which determines hoW to optimally use the refer 
enced standard cells and map them into a loW-level instantia 
tion of the logic description. The synthesis engine 203 func 
tions in a manner that is essentially equivalent to the synthesis 
engine 103 described With respect to FIG. 1. Thus, the syn 
thesis engine 203 uses the standard cell library 205 as an input 
to the synthesis process to generate a netlist 207 that describes 
the connectivity of the standard cells de?ning the logic 
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description. As With the netlist 107 of FIG. 1, the netlist 207 
de?nes Which standard cells are used and hoW the standard 
cells are connected. Once the netlist 207 is generated, an 
operation 209 is performed to con?rm that the logic repre 
sented by the netlist 207 provides the functionality speci?ed 
by the high-level logic description developed in operation 
201. 

It should be appreciated that up to the logic check of opera 
tion 209, the design-to-manufacture How of FIG. 2 is similar 
to the design-to-manufacture How of FIG. 1. However, fol 
loWing operation 209, the design-to-manufacture How of 
FIG. 2 differs signi?cantly from the design-to-manufacture 
How of FIG. 1. More speci?cally, folloWing the operation 209 
in FIG. 2, a standard cell compilation operation 211 is per 
formed. The standard cell compilation operation 21 1 involves 
analysis of the netlist 207, determination of Which standard 
cells are used in the netlist 207, and creation of a primitive 
based standard cell library that includes a de?nition of each 
standard cell referenced in the netlist 207. It should be appre 
ciated that during the standard cell compilation operation 
211, only the standard cells referenced in the netlist 207 are 
created from the set of primitive logic cells. 

The set of primitive logic cells includes cell de?nitions for 
each fundamental logic component necessary to create each 
referenced standard cell. In one embodiment, the set of primi 
tive logic cells includes NAND gates, NOR gates, pass gates, 
latch elements, PMOS stacks, NMOS stacks, inverters, and 
tri-state inverters. Additionally, the set of primitive logic cells 
are de?ned based on speci?cations of a target base array upon 
Which the integrated circuit Will be laid-out. If the target base 
array supports multiple performance speci?cations, e. g., a 
grid of transistors optimized for increased speed and grid of 
transistors optimized for decreased leakage, separate sets of 
primitive logic cells Will be de?ned and available for each of 
the multiple performance speci?cations. Thus, performance 
characteristics of each primitive logic cell Will be knoWn upon 
creation of each primitive-based standard cell. Hence, the 
expected performance of each primitive-based standard cell 
integrated on the target base array can be accurately predicted 
as part of the standard cell compilation operation 211. 

The primitive-based standard cells created in the standard 
cell compilation operation 211 are complied into a primitive 
based standard cell library. The primitive-based standard cell 
library includes a de?nition of each standard cell referenced 
in the netlist 207. Using the primitive-based standard cell 
library and the netlist 207, an operation 213 is performed to 
place and route the standard cells as identi?ed in the netlist 
207. It should be appreciated that the primitive-based stan 
dard cells are placed and routed based on the speci?cations of 
the target base array Within Which the primitive-based stan 
dard cells Will be ultimately integrated. 

Following the place and route operation 213, an operation 
215 is performed to provide a physical veri?cation of the 
circuit. As in the physical veri?cation of operation 113, the 
physical veri?cation of operation 215 generally includes a 
timing veri?cation, a design rule check (DRC), a layout ver 
sus schematic (LVS) analysis, and an electrical rule check 
(ERC). Once the physical veri?cation is completed With sat 
isfactory results, the circuit design is integrated on the target 
base array in an operation 217. 

Use of a base array chip having a standard grid of transis 
tors provides for predictable patterns and distortion charac 
teristics When features are patterned during the base array 
chip manufacturing process. These predictable patterns and 
distortion characteristics enables more accurate RET and 
OPC, Which results in fabrication of transistors that perform 
more reliably. In addition to more reliable performance char 
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8 
acteristics, use of the base array in the design-to-manufacture 
method of the present invention avoids the issue of having to 
provide transistor level RET/OPC mask modi?cation feed 
back to the system architect. Furthermore, When using the 
base array in the present invention, the primitive-based stan 
dard cells are mapped directly from the virtual part of the 
design-to-manufacture ?oW onto the base array. Therefore, 
once the place and route operation 213 is performed using 
virtual representations of the primitive-based standard cells, 
the primitive-based standard cells can be integrated essen 
tially anyWhere on the base array chip. 

In one embodiment, the operation 217 can be performed 
using a conventional base array chip. HoWever, depending on 
the particular logic system that is being instantiated, use of the 
conventional base array chip may not alWays provide an opti 
mal use of the available base array con?guration. For 
example, the conventional base array may include a ?xed 
number of devices, i.e., transistors, and a ?xed number of 
device sizes onto Which the logic system must be integrated. 
Therefore, in another embodiment, the operation 217 can be 
performed using a optimized base array chip. 
The optimized base array chip can be manufactured to 

include an optimal arrangement of sub-arrays, Wherein each 
sub-array includes devices, i.e., transistors, that are optimally 
sized for their intended function Within the logic system to be 
integrated on the base array chip in the operation 217. Thus, 
in the embodiment using the optimized base array chip, tran 
sistors having different performance characteristics can be 
made available Within a common base array chip to enable 
integration of the primitive-based cells required to de?ne the 
logic system. It should be appreciated that the set of primitive 
logic cells used to create the primitive-based cell library cor 
respond to the available device characteristics that can be 
de?ned Within the optimized base array chip during manu 
facturing. In one embodiment, the optimized base array chip 
is actually manufactured folloWing the place and route opera 
tion 213 to ensure that an appropriate arrangement of sub 
arrays is provided for integration of the logic system. HoW 
ever, in another embodiment, the optimized base array chip 
can be manufactured prior to the design process based on 
experienced gleaned from previous design-to-manufacture 
processes conducted for similar logic systems. 
The set of primitive logic cells used in the standard cell 

compilation operation 211 represents an optimal set of primi 
tive logic cells necessary to construct an entire standard cell 
library. Additionally, it should be appreciated that a relatively 
small number of primitive logic cells are required to fully 
describe the inventory of standard cells in a current standard 
cell library. Thus, the set of primitive logic cells can be fully 
characterized and maintained With minimal resources. As 
neW generations of base arrays are developed, the set of 
primitive logic cells can be easily updated based on the speci 
?cations of the neW base arrays. Then, the standard cell com 
pilation operation 211 can be quickly re-performed to map 
the standard cells to the neW base arrays based on the updated 
set of primitive logic cells. Furthermore, the standard cell 
compilation operation 211 enables system architects to create 
customized standard cells Without regard to the extensive 
resources traditionally required to characterize and maintain 
conventional standard cell libraries upon insertion of neW 
standard cell designs. 
The design-to-manufacture How of FIG. 2 enables the sys 

tem architect to develop the high-level logic description based 
on knoWn standard cell library compositions. Because the 
standard cell compilation operation 211 builds the “.lib” and 
“ .lef” ?les, the standard cell compilation operation 21 1 can be 
implemented in a transparent manner With respect to a system 
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architect who is accustom to operating within the traditional 
design-to-manufacture ?ow. Thus, the design-to-manufac 
ture ?ow of FIG. 2 can be implemented without a need to 
retrain system architects who are comfortable with using the 
conventional standard cell libraries in the traditional design 
to-manufacture ?ow. 

FIGS. 3A and 3B are illustrations showing a ?owchart of 
the standard cell compilation operation 211 of FIG. 2, in 
accordance with one embodiment of the present invention. 
The standard cell compilation operation 211 utiliZes a num 
ber of inputs including: a) the standard cell library 205, b) the 
netlist 207, c) a technology ?le 300, d) a primitive library 302, 
and e) user-de?ned cell de?nitions 304. 
As previously discussed, the standard cell library 205 rep 

resents a collection of standard cells and corresponding vari 
ants. Each standard cell in the standard cell library 205 is 
de?ned by a layout/drawing of the cell, a mapping of a tran 
sistor schematic of the cell into maskable polygons, timing 
data for the cell, area information for the cell, a library 
exchange format (LEF) ?le for the cell, and cell logical mod 
els for use by a synthesis engine. Also as previously dis 
cussed, the netlist 207 de?nes which standard cells are used in 
the logic description of the system and how the standard cells 
are connected. 

The technology ?le 300 provides speci?cations of the base 
array chip upon which the logic description of the system will 
be integrated. For example, the technology ?le 300 can iden 
tify a number of available devices and their respective char 
acteristics such as siZe, speed, leakage, power consumption, 
etc. The primitive library 302 includes de?nitions of each 
available primitive logic cell. The de?nition of each primitive 
logic cell includes a layout/drawing of the cell, timing data for 
the cell, area information for the cell, a library exchange 
format (LEF) ?le for the cell, and a logical model for the cell. 
In one embodiment, the primitive library 302 includes 14 
primitive logic cells, wherein each of the 14 primitive logic 
cells is represented by 6 variants corresponding to 3 different 
threshold voltages and 3 different supply voltages. The 14 
primitive logic cells in this embodiment include: 1) a two 
input NAND gate, 2) a three input NAND gate, 3) a two input 
NOR gate, 4) a three input NOR gate, 5) a pass gate, 6) a latch 
element, 7) a single PMOS stack, 8) a double PMOS stack, 9) 
a triple PMOS stack, 10) a single NMOS stack, 11) a double 
NMOS stack, 12) a triple NMOS stack, 13) an inverter, and 
14) a tri-state inverter. It should be appreciated, however, that 
the present invention is not limited to the primitive library 
including the 14 primitive logic cells and the 6 variants as 
described above. In other embodiments, a different set of 
primitive logic cells and variants thereof can be included in 
the primitive library 302. 

The user-de?ned cell de?nitions 304 represent any con 
ceivable user-de?ned cell that is de?ned from the set of primi 
tive logic cells in the primitive library 302. Each user-de?ned 
cell is de?ned by a netlist of primitive logic cells, timing 
goals, and area goals. In one embodiment, a graphical user 
interface (GUI) is provided to enable a user to ef?ciently 
create user-de?ned cells based on the primitive library 302. In 
one embodiment, the GUI for creating user-de?ned cells will 
enable a user to transform any standard cell in the standard 
cell library 205 into a corresponding primitive constructed 
cell for use as a starting point to create the user-de?ned cell. 
This feature of the GUI can be particularly useful when the 
user-de?ned cell represents a modi?cation of a standard cell. 

In one embodiment, the standard cell compilation opera 
tion 211 is performed by traversing through the netlist 207 in 
a sequential manner from beginning to end. Upon encounter 
ing each new standard cell in the netlist 207, the standard cell 
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10 
will be compiled into a primitive constructed version of the 
standard cell. Therefore, with respect to FIG. 3A, the standard 
cell compilation operation 211 begins with an operation 301 
for selecting a next standard cell in the netlist 207. In the 
operation 301, the netlist 207 is accessed as an input. An 
operation 335 is then performed to determine if a primitive 
constructed version of the selected standard cell already 
exists in the primitive constructed cell databases 311. If the 
primitive constructed version of the selected standard cell 
already exists, the method reverts back to operation 301 to 
select the next standard cell in the netlist 207. However, if the 
primitive constructed version of the selected standard cell 
does not exist, the method proceeds with an operation 303 in 
which a logic function for the selected standard cell is deter 
mined. In the operation 303, the standard cell library 205 is 
accessed as an input to identify the logic function of the 
selected standard cell. 

Following the operation 303, an operation 305 is per 
formed to map the determined logic function for the selected 
standard cell into the set of primitive logic cells included in 
the primitive library 302. The mapping of operation 305 
includes identifying one or more primitive logic cells needed 
to duplicate the logic function of the selected standard cell. 
The mapping of operation 305 further includes constructing a 
primitive-based version of the standard cell using the identi 
?ed one or more primitive logic cells. Thus, mapping of the 
selected standard cell into the set of primitive logic cells 
results in creation of a primitive constructed version of the 
selected standard cell. In the operation 305, the technology 
?le 300 and the primitive library 302 are accessed as inputs. 
The technology ?le 300 provides information regarding the 
device characteristics of the base array chip, as represented by 
the available primitive logic cells, to enable the closest pos 
sible mapping of the selected standard cell into the set of 
primitive logic cells. The primitive library 302 provides the 
de?nition of each available primitive logic cell. 

FIGS. 4A-4C show an example of the mapping performed 
in operation 305. FIG. 4A shows a logic model for a standard 
cell de?ning a delay ?ip-?op. The logic de?ning the delay 
?ip-?op of FIG. 4A should be readily understood by those 
skilled in the art. FIG. 4B is an illustration showing an exem 
plary partial listing of primitive logic cells included in the 
primitive library 302. As previously mentioned, each type of 
primitive logic cell, e.g., inverter, NAND, NOR, may have 
multiple variants included in the primitive library 302. FIG. 
4C is an illustration showing a primitive constructed version 
of the delay ?ip-?ip of FIG. 4A resulting from the mapping 
operation 305. The primitive constructed version of the delay 
?ip-?op in FIG. 4C is represented in a netlist-type format. 
However, it should be appreciated that the primitive con 
structed version of the delay ?ip-?op can be de?ned in essen 
tially any format that will be recogniZed by the place and 
route tools to be used in subsequent operations. 

Following the mapping operation 305, an operation 307 is 
performed to analyZe the performance of the primitive con 
structed version of the standard cell as created in the operation 
305. The performance of the primitive constructed version of 
the standard cell is analyZed with respect to electrical param 
eters such as timing, leakage, power consumption, etc. In one 
embodiment, the performance of the primitive constructed 
version of the standard cell is compared to the target perfor 
mance speci?cations of the standard cell, as reported in the 
standard cell library 205, to ensure that the performance of the 
primitive constructed version of the standard cell is accept 
able. In another embodiment, the performance of the primi 
tive constructed version of the standard cell is analyZed to 
verify compliance with user-speci?ed electrical performance 
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requirements, wherein the user-speci?ed electrical perfor 
mance requirements may differ from the target performance 
speci?cations of the standard cell. If the primitive constructed 
version of the standard cell does not satisfy the target perfor 
mance speci?cations/requirements, a new primitive con 
structed version of the standard cell can be created using 
different primitive variants that will provide the necessary 
target performance. Once the primitive constructed version of 
the standard cell satis?es the target performance speci?ca 
tions/requirements, the primitive constructed version of the 
standard cell is recorded within a respective database within 
the set of primitive constructed cell databases 311. 

Additionally, once the primitive constructed version of the 
standard cell is determined to provide the necessary target 
performance, an operation 309 is performed to develop a 
cell-level layout of the primitive constructed version of the 
standard cell. The cell-level layout de?nes the area occupied 
by the primitive constructed version of the standard cell 
within the target base array. The cell-level layout is recorded 
in the corresponding primitive constructed cell database 311. 
It should be appreciated that the cell-level layout is performed 
by a tool having knowledge of the cell-level layout rules 
associated with the target base array. Therefore, the cell-level 
layout tool is capable of developing cell-level layouts that can 
be integrated within the base array. 

Following the operation 309, an operation 313 is per 
formed to determine if a next standard cell is present in the 
netlist 207. If a next standard cell is present in the netlist 207, 
the method reverts back to operation 301 to select the next 
standard cell in the netlist 207. However, if a next standard 
cell is not present in the netlist 207, the method proceeds with 
an operation 315. In the operation 315, the user-de?ned cell 
de?nitions input 304 is examined to determine if any user 
de?ned standard cell de?nitions exist. If there are user-de 
?ned cell de?nitions present, the method proceeds to connec 
tion “A” 319, which corresponds to an entry point into the 
?owchart of FIG. 3B. However, if no user-de?ned cell de? 
nitions are present, the method proceeds with an operation 
317 in which the ?nal primitive-based cell library is created. 
Creation of the ?nal primitive-based cell library essentially 
represents a binding of the primitive constructed version of 
each referenced standard cell, as de?ned within the primitive 
constructed cell databases 311, into a single primitive-based 
cell library ?le. In one embodiment, primitive-based cell 
library ?le created in operation 317 is designated “cells.lib” to 
conform with standard nomenclature that is familiar to sys 
tem architects. 

FIG. 3B is a continuation of the standard cell compilation 
operation 211 represented by the ?owchart of FIG. 3A. If 
user-de?ned cell de?nitions exist, the method enters FIG. 3B 
at the connection “A” 319. From connection “A” 319, the 
method proceeds to an operation 321 in which a next user 
de?ned cell is selected from within the user-de?ned cell de? 
nitions 304. It should be understood that the user-de?ned cell 
de?nitions are created using the primitive logic cells that are 
available within the primitive library 302. 

Following the operation 321, an operation 323 is per 
formed to analyZe the performance of the user-de?ned cell. 
As with the performance analysis performed in operation 
307, the performance of the user-de?ned cell is analyZed with 
respect to electrical parameters such as timing, leakage, 
power consumption, etc. The performance of the user-de?ne 
cell is compared to the performance goals as reported in the 
user-de?ned cell de?nitions 304 to ensure that the perfor 
mance of the user-de?ned cell is acceptable. If the user 
de?ned cell does not satisfy the associated performance 
goals, a new/modi?ed user-de?ned cell can be created using 
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12 
different primitive variants that will satisfy the performance 
goals. Once the user-de?ned cell performance analysis shows 
compliance with the performance goals, the user-de?ned cell 
is recorded in a respective database within the set of primitive 
constructed user-de?ned cell databases 327. 

It should be appreciated, that performance analysis of the 
user-de?ned cells in the operation 323 provides signi?cant 
capability to a system architect who needs to expand beyond 
the contents of the standard cell library 205. Additionally, in 
accordance with the method of the present invention, the 
system architect is not required to incorporate the user-de 
?ned cell into the standard cell library 205. Thus, a user can 
de?ne custom logic cells without concern regarding the 
extensive resources required to re-characteriZe and maintain 
the conventional standard cell libraries. 

Following the operation 323, an operation 325 is per 
formed to develop a cell-level layout of the user-de?ned cell. 
The cell-level layout de?nes the area occupied by the user 
de?ned cell within the target base array. The cell-level layout 
is recorded in the corresponding primitive constructed user 
de?ned cell database 327. It should be appreciated that the 
cell-level layout is performed by a tool having knowledge of 
the cell-level layout rules associated with the target base 
array. Therefore, the cell-level layout tool is capable of devel 
oping cell-level layouts that can be integrated within the base 
array. 

Following the operation 325, an operation 329 is per 
formed to determine if a next user-de?ned cell is present. If a 
next user-de?ned cell is present, the method reverts back to 
operation 321 to select the next user de?ned cell. However, if 
a next user-de?ned cell is not present, the method proceeds 
with an operation 331 in which the ?nal primitive-based cell 
library is created. Creation of the ?nal primitive-based cell 
library essentially represents a compilation of all the primi 
tive constructed cell databases 311 and all the primitive con 
structed user-de?ned cell databases 327 into a single library 
?le. The primitive constructed cell databases 311 are acces 
sible to the operation 331 through the connection “B” 333 
de?ned between FIGS. 3A and 3B. In one embodiment, the 
primitive-based cell library ?le created in operation 331 is 
designated “cells .lib” to conform with standard nomenclature 
that is familiar to system architects. 

The standard cell compilation operation 211 performed 
within the context of the design-to-manufacture ?ow of FIG. 
2 has been described above with respect to FIGS. 3A-3B. 
However, it should be appreciated that standard cell compi 
lation can also be performed outside the context of the design 
to-manufacture ?ow of FIG. 2. For example, a primitive con 
structed version of each cell in a standard cell library can be 
created outside the design-to-manufacture ?ow. Then, the 
system architect can simply use the primitive-based standard 
cell library when developing the high-level logic description 
of the system to be integrated on the target base array. 

FIG. 5 is an illustration showing a ?owchart of a method for 
compiling a standard cell library into a primitive-based cell 
library outside of the design-to-manufacture ?ow, in accor 
dance with one embodiment of the present invention. The 
method begins with an operation 501 for selecting a next 
standard cell in the standard cell library 205. Then, in an 
operation 503, a determination is made as to whether a primi 
tive constructed version of the selected standard cell already 
exists. If so, the method reverts back to the operation 501. 
Otherwise, the method proceeds with an operation 505 in 
which a logic function of the selected standard cell is deter 
mined. Then, in an operation 507, the logic function of the 
selected standard cell is mapped into the set of primitive logic 



US 7,917,885 B2 
13 

cells in the primitive library 302 to create a primitive con 
structed version of the selected standard cell. 
The method continues with an operation 509 in which the 

electrical performance of the primitive constructed version of 
the standard cell is analyZed. The performance of the primi 
tive constructed version of the standard cell is compared to the 
target performance speci?cations of the standard cell, as 
reported in the standard cell library 205, to ensure that the 
performance of the primitive constructed version of the stan 
dard cell is acceptable. If the primitive constructed version of 
the standard cell does not satisfy the target performance 
speci?cation of the standard cell, a new primitive constructed 
version of the standard cell can be created using different 
primitive variants that will provide the target performance as 
reported in the standard cell library 205. Once the primitive 
constructed version of the standard cell satis?es the target 
performance requirements, the primitive constructed version 
of the standard cell is recorded within a respective database 
within a set of primitive constructed cell databases 511. 

The method continues with an operation 513 for develop 
ing a cell-level layout of the primitive constructed version of 
the standard cell. The cell-level layout de?nes the area occu 
pied by the primitive constructed version of the standard cell 
within the target base array. The cell-level layout is recorded 
in the corresponding primitive constructed cell database 511. 
It should be appreciated that the cell-level layout is performed 
with consideration of the layout rules associated with the 
target base array. Following the operation 513, an operation 
515 is performed to determine if a next standard cell is present 
in the standard cell library. If so, the method reverts back to 
the operation 501. Otherwise, the method proceeds with an 
operation 517 in which the ?nal primitive-based cell library is 
created. 

Creation of the ?nal primitive-based cell library essentially 
represents a compilation of all the primitive constructed cell 
databases 511 into a single library ?le. In one embodiment, 
primitive-based cell library ?le created in operation 517 is 
designated “cells.lib” to conform with standard nomenclature 
that is familiar to system architects. It should be appreciated 
that each ofthe operations 501, 503, 505, 507, 509, 513, 515, 
and 517 are essentially equivalent to the operations 301, 335, 
303, 305, 307, 309, 313, and 317, respectively, as previously 
described with respect to FIG. 3A, with the exception that 
each of the standard cells represented in the standard cell 
library 205 are processed as opposed to just the standard cells 
represented in the netlist 207. 

The creation of primitive constructed user-de?ned cells has 
been described above in the context of the standard cell com 
pilation operation 211 (FIGS. 3A-3B) performed as part of 
the design-to-manufacture ?ow. However, it should be appre 
ciated that creation of primitive constructed user-de?ned cells 
can also be performed outside the context of the design-to 
manufacture ?ow. FIG. 6 is an illustration showing a ?ow 
chart of a method for creating primitive constructed user 
de?ned cells outside of the design-to-manufacture ?ow, in 
accordance with one embodiment of the present invention. 
The method begins with an operation 601 in which a next 
user-de?ned cell is selected from within the user-de?ned cell 
de?nitions 304.As previously discussed, the user-de?ned cell 
de?nitions are created using the primitive logic cells that are 
available within the primitive library 302. 

The method proceeds from the operation 601 to an opera 
tion 603 in which a performance analysis of the user-de?ned 
cell is conducted. The user-de?ned cell is analyZed with 
respect to electrical parameters such as timing, leakage, 
power consumption, etc. The performance of the user-de?ned 
cell is compared to the performance goals as reported in the 
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user-de?ned cell de?nitions 304 to ensure that the perfor 
mance of the user-de?ned cell is acceptable. If the user 
de?ned cell does not satisfy the associated performance 
goals, a new/modi?ed user-de?ned cell can be created using 
different primitive variants that will satisfy the performance 
goals. Once the user-de?ned cell analysis shows compliance 
with the performance goals, the user-de?ned cell is recorded 
in a respective database within a set of primitive constructed 
user-de?ned cell databases 607. 

Following the operation 603, an operation 605 is per 
formed to develop a cell-level layout of the user-de?ned cell. 
The cell-level layout de?nes the area occupied by the user 
de?ned cell within the target base array. The cell-level layout 
is recorded in the corresponding primitive constructed user 
de?ned cell database 607. It should be appreciated that the 
cell-level layout is performed with consideration of the layout 
rules associated with the target base array. The method con 
tinues with an operation 609 to determine if a next user 
de?ned cell is present. If a next user-de?ned cell is present, 
the method reverts back to operation 601. Otherwise, the 
method proceeds with an operation 611 in which all the 
primitive constructed cell databases 607 are compiled into a 
single library ?le. In one embodiment, the primitive-based 
cell library ?le created in operation 611 is designated 
“cells.lib” to conform with standard nomenclature that is 
familiar to system architects. It should be appreciated that 
each ofthe operations 601, 603, 605, 609, and 611 are essen 
tially equivalent to the operations 321, 323, 325, 329, and 
331, respectively, as previously described with respect to 
FIG. 3B, with the exception that the user-de?ned cells are 
processed outside of the standard cell compilation operation 
211. 

In addition to the methods for creating primitive con 
structed standard cells and user-de?ned cells as described 
above, the present invention also provides a method for cre 
ating a primitive constructed version of a logic cell that is not 
necessarily considered a standard cell. For example, this 
method can be used to create logic variants of peripheral cells 
of a memory array. These logic variants of the peripheral cells 
of the memory array can then be used to create a wide range 
of memory functionality around a core memory array. 
Examples of the peripheral cells of the memory array for 
which primitive constructed versions may be created include 
FIFO cells, register cells, shifter cells, output conditioning 
cells, test cells, and many others as known to those skilled in 
the art. 

FIG. 7 is an illustration showing a ?owchart of a method for 
creating a primitive constructed version of a logic cell that is 
not necessarily considered a standard cell, in accordance with 
one embodiment of the present invention. The method begins 
with an operation 701 in which a logic cell is selected from 
within a set of logic cell de?nitions 704. In one embodiment, 
each logic cell de?nition includes an electronic, i.e., circuit, 
description of the logic cell, timing goals for the logic cell, 
and area goals for the logic cell. The method proceeds with an 
operation 703 in which a logic function for the selected logic 
cell is determined. In the operation 703, the logic cell de?ni 
tions 704 is accessed as an input to identify the logic function 
of the selected logic cell. 

Following the operation 703, an operation 705 is per 
formed to map the determined logic function for the selected 
logic cell into the set of primitive logic cells included in the 
primitive library 302. The mapping of operation 705 includes 
identifying one or more primitive logic cells needed to dupli 
cate the logic function of the selected logic cell. The mapping 
of operation 705 further includes constructing a primitive 
based version of the logic cell using the identi?ed one or more 
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primitive logic cells. Thus, mapping of the selected logic cell 
into the set of primitive logic cells results in creation of a 
primitive constructed version of the selected logic cell. In the 
operation 705, the technology ?le 300 and the primitive 
library 302 are accessed as inputs. As previously discussed, 
the technology ?le 300 provides information regarding the 
device characteristics of the base array chip, as represented by 
the available primitive logic cells, to enable the closest pos 
sible mapping of the selected logic cell into the set of primi 
tive logic cells. Also, as previously discussed, the primitive 
library 302 provides the de?nition of each available primitive 
logic cell. 

The method continues with an operation 707 for analyZing 
the performance of the primitive constructed version of the 
logic cell as created in the operation 705. The performance of 
the primitive constructed version of the logic cell is analyZed 
with respect to electrical parameters such as timing, leakage, 
power consumption, etc. In one embodiment, the perfor 
mance of the primitive constructed version of the logic cell is 
analyZed to verify compliance with electrical performance 
goals set forth in the logic cell de?nitions 704. If the primitive 
constructed version of the logic cell does not comply with the 
electrical performance goals, a new primitive constructed 
version of the logic cell can be created using different primi 
tive variants that will enable compliance with the electrical 
performance goals. Once the primitive constructed version of 
the logic cell complies with the electrical performance goals, 
the primitive constructed version of the logic cell is recorded 
within a respective database within a set of primitive con 
structed cell databases 711. 

Additionally, once the primitive constructed version of the 
logic cell is determined to comply with the electrical perfor 
mance goals, an operation 709 is performed to develop a 
cell-level layout of the primitive constructed version of the 
logic cell. The cell-level layout de?nes the area occupied by 
the primitive constructed version of the logic cell within the 
target base array. The cell-level layout is recorded in the 
corresponding primitive constructed cell database 711. It 
should be appreciated that the cell-level layout is performed 
by a tool having knowledge of the cell-level layout rules 
associated with the target base array. Therefore, the cell-level 
layout tool is capable of developing cell-level layouts that can 
be integrated within the base array. 

Following the operation 709, an operation 713 is per 
formed to determine if a primitive constructed version of 
another logic cell needs to be created. If so, the method reverts 
back to operation 701. Otherwise, the method proceeds with 
an operation 715 for creating a primitive-based cell library. 
Creation of the primitive-based cell library essentially repre 
sents a binding of the primitive constructed version of each 
logic cell, as de?ned within the primitive constructed cell 
databases 711, into a single primitive-based cell library ?le. 
In one embodiment, primitive-based cell library ?le created 
in operation 715 is designated “cells.lib” to conform with 
nomenclature that is familiar to system architects. 

It should be appreciated that in one embodiment the 
method of FIG. 7 can be implemented in a stand-alone man 
ner. Additionally, in another embodiment, the method of FIG. 
7 can be implemented in conjunction with the method of 
FIGS. 3A-3B. Such that the primitive-based cell library cre 
ated in FIGS. 3A-3B can also include primitive constructed 
versions of logic cells that are not necessarily considered 
standard cells. 
The invention described herein can be embodied as com 

puter readable code on a computer readable medium. The 
computer readable medium is any data storage device that can 
store data which can be thereafter be read by a computer 
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system. Examples of the computer readable medium include 
hard drives, network attached storage (NAS), read-only 
memory, random-access memory, CD-ROMs, CD-Rs, CD 
RWs, magnetic tapes, and other optical and non-optical data 
storage devices. The computer readable medium can also be 
distributed over a network coupled computer systems so that 
the computer readable code is stored and executed in a dis 
tributed fashion. Additionally, a graphical user interface 
(GUI) implemented as computer readable code on a computer 
readable medium can be developed to provide a user interface 
for performing any embodiment of the present invention. 

While this invention has been described in terms of several 
embodiments, it will be appreciated that those skilled in the 
art upon reading the preceding speci?cations and studying the 
drawings will realiZe various alterations, additions, permuta 
tions and equivalents thereof. Therefore, it is intended that the 
present invention includes all such alterations, additions, per 
mutations, and equivalents as fall within the true spirit and 
scope of the invention. 
What is claimed is: 
1. A method for transforming a logic design into an inte 

grated circuit to be laid-out on a base array, comprising: 
(a) generating a netlist for the logic design using a standard 

cell library; 
(b) identifying a logic function for a standard cell in the 

netlist; 
(c) identifying one or more primitive logic cells needed to 

duplicate the logic function of the standard cell, wherein 
each of the one or more primitive logic cells is not a 
standard cell; and 

(d) operating a computer to construct a primitive-based 
version of the standard cell using the identi?ed one or 
more primitive logic cells, the primitive-based version 
of the standard cell to be laid-out on the base array. 

2. A method for transforming a logic design into an inte 
grated circuit to be laid-out on a base array as recited in claim 
1, further comprising: 

performing operations (b), (c), and (d) for each unique 
standard cell in the netlist. 

3. A method for transforming a logic design into an inte 
grated circuit to be laid-out on a base array as recited in claim 
2, further comprising: 

creating a primitive-based cell library to include the primi 
tive-based version of the standard cell as constructed in 
operation (d) for each unique standard cell in the netlist. 

4. A method for transforming a logic design into an inte 
grated circuit to be laid-out on a base array as recited in claim 
3, further comprising: 

placing and routing the primitive-based version of the stan 
dard cells in the primitive-based cell library to de?ne the 
integrated circuit to be laid-out on the base array. 

5. A method for transforming a logic design into an inte 
grated circuit to be laid-out on a base array as recited in claim 
1, wherein the operation (d) includes, 

analyZing an electrical performance of the primitive-based 
version of the standard cell to verify duplication of an 
electrical performance of the standard cell, and 

perfolming a cell-level layout of the primitive-based ver 
sion of the standard cell to determine an area to be 
occupied by the primitive-based version of the standard 
cell on the base array. 

6. A method for transforming a logic design into an inte 
grated circuit to be laid-out on a base array as recited in claim 
1, wherein the primitive logic cells are de?ned based on 
device characteristics of the base array. 

7. A method for transforming a logic design into an inte 
grated circuit to be laid-out on a base array as recited in claim 






